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PREFACE 
Being a student at the Department of Hydrology at the Agricultural 
University of Wageningen, part of my study consists of six months 
practical work. After contact with the Institute for Land and Water 
Management Research (ICW) in the Netherlands, I was enabled to work 
six months, from 15 February to 15 August 1985, at the Reuse of Drainage 
water Project in Egypt. This project is one of the research programmes 
that are undertake by the Drainage Research Institute (DRI) at Cairo. 
The major part of my work consisted of fieldwork in a small test-
area in the North of the Nile Delta, and I experienced not only a lot 
about my study subjects, but also a lot about the daily life in an 
Egyptian village. Appreciating both very high, I would like to thank 
Dr. Gasser, director of the DRI, for his hospitality and for providing 
office facilities. 
Further I would like to thank Ir. D. Boels, the leader of the Dutch 
members of the Reuse team, for his guidance during the work. Also my 
great thanks to Eng. Adel Abdel Rashid, who supervised the work in the 
installation of measuring devices in the test-area. I also thank'the 
farmers in the test-area for their cooperation in doing the measurements. 
I thank Ir. C.W.J. Roest, working for the project at the ICW in the 
Netherlands, for his activities in arranging this training period and 
for his advices in writing this report. Finally, I would like to thank 
all the Egyptian and Dutch members who contributed in making this a 
very nice period, both in-and outside the office. 
v. 
1. INTRODUCTION 
1.1. Historical background 
Being a country with an arid climate, Egypt's agriculture is com-
pletely dependent on irrigation. The sole source meeting the water 
demands is the river Nile, which flows through Egypt with a length of 
about 900 km, from Aswan near the Sudanese border, to Cairo. At Cairo, 
where the Delta begins, the Nile splits into two main branches, one to 
Damietta and the other to Rosetta. 
As the Nile is mainly rain fed, through the centuries a seasonal 
flooding of the river in Egypt during August, September and October; 
occurred, making it possible to catch the water in basins, and after 
the falling of the waterlevel a wintercrop was grown. To make the growth 
of summercrops also possible, many efforts have been done to control the 
Nile regime, and the ultimate result was the construction of the High 
Dam at Aswan in 1967. 
Before the Dam, 80% of the irrigated land was onder perennial 
cultivation, after the Dam this was 100%. Of the total amount of 2.7 
million hectares irrigated land, the Nile Delta accounts for 1.3 million 
hectares, the Nile Valley (between Cairo and Aswan) for 1.1 million 
hectares and newly reclaimed land for 0.3 million hectares. 
But together with the regulation the problems came. In former 
times the large amounts of water leached the soil, but now it became 
clear that because of the perennial irrigation the natural drainage 
was not sufficient to drain the excess irrigation water. The ground-
water level rose and due to évapotranspiration land was salinized. So 
the open drainage system did no longer provide for a sufficient ground-
water drawdown. 
This problem has been noticed before and already in the thirties a 
start was made with subsurface drainage. In 1973 the Egyptian Public 
Authority for Drainage Projects (EPADP) has been established. This 
authority is responsible for the installation of field drainage and the 
remodelling of open drains. 
To improve problem dealing encountered in the EPADP-program, the 
Drainage Research Institute (DRI) was established in 1976. This 
Institute conducts applied research on the theory of drainage. Untill 
1984 about 1.1 million hectares were provided with subsurface drainage. 
New plans will increase this area to about 2.0 million hectares in the 
year 2000. 
1.2. The Advisory Panel on Land Drainage 
In 1975 the joint Egyptian-Dutch Advisory Panel on Land Drainage 
has been installed, consisting of six Egyptian and six Dutch specialists. 
It's aim is to advise the Egyptian government in handling the salinity 
and waterlogging problems, and also to give guidance to the activities 
of the EPADP and the DRI. Twice a year the panel meets to evaluate and 
discuss the future activities. In 1977 a Dutch team of engineers was 
stationed in Egypt to assist in the implementation of Panel recommanda-
tions. 
In 1983 the different activities were formal distincted into five 
separate projects: 
1. The Drainage Advisory Panel Project, with it's original function. 
2. The Reuse of Drainage Water Project, which is developing a mathema-
tical model to provide and predict data about quantity and quality 
of drainage water in the Delta. This is done in collaboration with 
the Institute for Land and Water Management Research (ICW) in 
Wageningen, Holland. 
3. The Drainage Technology and Pilot Areas Project, which is developing 
drainage criteria for different soils and different cropping patterns. 
The project is backstopped by the International Institute for Land 
Reclamation and Improvement (ILRI). 
4. The Training Program for Drainage Projects, which aim is to train 
the EPADP staff and the contractor personnel for an optimal execu-
tion of the actual drainage installation. 
5. The Fayoum Water and Salt Balance project, which is developing a 
water- and salt balance model to improve the water management in the 
Fayoum Oasis. This project is also backstopped by the ILRI. 
1.3. The Reuse Project 
The main aim of this project is to provide an instrument for rea-
lising an optimum reuse of the drainage water in the Delta. The necessity 
of this becomes obvious when one takes into account that the Egyptian 
government intends to increase the irrigated area by 0.8 million 
hectares in the year 2000, because of the growth of the population 
and therefore it's growing needs of food production. Already a large 
amount of food is being imported. 
The figures make clear that more reuse is possible. In het period 
1973-1976 55% of the available irrigation water at the Delta barrages 
was flowing to the sea as drainage water. Only 17% of the drainage 
water is officially reused. 
To get a good and detailed view about the amount and quality of the 
drainage water in the Delta, a monitoring programme has been initiated 
in the whole area. Water level recorders and Electrical Conductivity 
(EC) recorders have been installed in the open drainage canals. They 
provide data about the amounts and the salt content of the water. At 
all pump stations in the canal system the pumping hours are recorded 
and the capacities of the pumps are regularly measured. At this moment, 
august 1985, the installation is almost completed and more data will 
become available about the locations and amounts of possible reuse. 
At the same time work is being done on the mathematical model and 
its programming on the computer, to provide for the necessary predic-
tions of available water which can be reused in the future. 
1.4. The objectives of the training period 
During the training period a study has been made of the irrigation 
and drainage system in a small test-area (+ 3 ha) in the Northern part 
of the Delta, near the Village Hamul (see Fig. 1), From mid February 
untill the end of April surveys and installations were-done in the 
test-area. From the end of April untill the beginning of July the 
measurements took place, and after this the data were elaborated at 
the office untill half August. 
As the first aim was to make a water and salt balance, data were 
collected about irrigation, drainage, salt concentrations of water, 
soil moisture content, groundwater levels and crop height. 
<3OÉ 
I : • I ! i 
Fig. 1. Location of the Hamul Test-Area 
2. THE HAMUL TEST-AREA 
2.1. Description of the test-area 
Because the DRI has already performed some experiments in an area 
near Hamul, it has been decided to select a part of this area, for the 
detailed measurements to take place (Fig. 2). The test-area consists of 
9 plots, which, except for plot 1, were all cultivated with long 
berseem (a foddercrop) untill about mid or end April (Fig. 3). After 
the berseem crop plot 2 and 3 were cultivated with cotton, and the plots 
4 to 9 with maize. Plot 1 was a mixed cultivation of onions, tomatoes, 
cucumbers etc. 
The soil consists of dark brown heavy clay, mainly Na-montmorillonite, 
known for it's strong swelling and shrinking characteristics. The thick-
ness of the clay cap in this area is about 60m. The clay is rather 
saline, but according to local farmers production is quite good due to 
the fertility of the soil. 
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Fig. 2. Experimental fields in the Hamul Test Area 
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Fig. 3. Layout of the experimental fields 
Irrigation takes place from two sources, one is a more than 50 
years old dieselpump (pump 1) that is located in the farmers village 
Nifla, the other one is a new pump that is installed at the opposite 
of plot 4 (pump 2). The source for both pumps is the Gharbia Main Drain. 
Map 3 shows for each plot from which pump it is irrigated. 
Drainage takes place by field drains of about 0.4 m deep. All the 
drainage water is collected in the 'main drain' running parallel to 
Drain No. 6 to the suction side of pump station No. 6. 
2.2. Materials and methods 
2.2.1. Acreage of the field plots 
In order to calculate the acreage, all lengths and widths of the 
plots have been measured with a measuring tape. The results of these 
measurements are given in Appendix 1. The calculated acreage of the 
plots are given in Table 1. 
Table 1. The acreage of the test plots 
Plot 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Area (m ) 
4,150 
1,910 
1,800 
4,350 
2,440 
3,820 
3,830 
4,120 
4,040 
30,450 
4,670* 
1,290* 
30,360** 
•situation after 12 May, after a change 
of drain location took place 
**the change caused some loss of culti-
vated land 
2.2.2. Irrigation discharge measurements (BOS et al, 1984) 
To measure the amounts of irrigation water, a Repogle, Bos and 
Clemmens (RBC) long crested weir has been placed in each of the two 
irrigation canals. Fig. 4 gives an overview of this structure, with 
the necessary dimensions. 
The reasons to chose this structure were the ease of construction, 
the good ratio between the change of discharge and the change of water 
height, and the small headloss that is required to obtain critical flow. 
The construction consists of the following parts: an entrance, an 
approach channel, a converging transition, a throat and a tail water 
channel. The diverging transition has not been included because the 
necessary headloss is only reduced slightly by such a transition. The 
length of the tail water channel must be at least six times the height 
of the sill in order to maintain enough head for maintaining sufficient 
flow velocity. 
In Channel A a weir has been placed with a width of 40 cm and a 
sill height of 10 cm, dimensioned on a maximum discharge of 100 1/s. 
This capacity was assumed for the dieselpump, with a large safety margin 
(Fig. 3). The dimensions are given in Fig. 5. 
Fig. 4. Flow measuring structure for earthen channel with rectangular 
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Fig. 5. The dimensions of the weir in Channel A (in cm) 
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Fig. 6. The dimensions of the weir in Channel B (in cm) 
In Channel B a weir has been placed with a width of 30 cm and a sill 
height of 10 cm. It was dimensioned on an estimated discharge of 
50 1/s for the small irrigation pump, because incorrect information was 
obtained that no irrigation took place using the dieselpump through 
this channel. The dimensions are given in Fig. 6. 
It appeared that it was impossible to create free critical flow for 
the dieselpump. This was due to the fact that, because of the long dis-
tance between the pump and the weir, a large storage reservoir was 
created in this canal section with at some locations a water level above 
the canal board. Farmers objected against any heightening of the water 
level upstream, necessary to create critical flow. For the dieselpump 
therefore, data have been obtained by calibrations with a current meter. 
For the small pump the weirs proved to be effective. 
At each weir a level recorder was placed, with weekly rotating drums 
that recorded the waterheight in the weir and the time of irrigation. 
In Channel A a recorder with height ratio 1:5 (5 cm is recorded as 1 cm) 
has been used, in Channel B a recorder 1:1. 
2.2.3. Drainage discharge measurements (BOS, 1978) 
The drainage discharge has been measured near the end of Channel A 
(Fig. 3). Because of the very small bottom slope of the channel the 
water level was high at small discharges, making it very difficult to 
create free flow conditions. A construction with a sill could not be 
used because this would heighten the drainable depth, and a flume would 
be submerged. 
Fig. 7. Orifice box dimensions 
Consequently the choice was made for an orifice (undershot gate), 
for which it is necessary to measure both the upstream and downstream 
level, as shown in Fig. 7. 
The construction has been made of a wooden board, with in the 
middle a provision to put in sharp edged metal slides, each with a 
different gate dimension. In this way dicharges can be measured in a 
range from 1 up to 10 1/s with the same accuracy (with the same differ-
ence in upper and lower level). 
The discharge formula is: 
Q • CA,A{2g(h.-h9)}J d v 1 V 
Where Q • discharge 
A * area of the gate 
r 3 -N (m .s ) 
On2) 
-2, g • gravity acceleration (m.s ) 
h. • upstream waterlevel (m) 
h_ » downstream waterlevel (m) 
C = parameter related to the initial velocity befor the gate 
(-) 
C, • parameter related to the contraction of the flow through 
d 
the gate (-) 
The values that have been used for C and C, are shown in Table 2 
v d (see Appendix 2). 
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Tabel 2. The parameters C, and C related to the gate area A 
Q ( l / s ) 
< 2 
2 - 5 
5- 9 
9-15 
A(cm x cm) 
2.1 x 10.0 
3 .0 x 15.0 
5.0 x 20.0 
8.0 x 20.0 
cd<-> 
0.61 
0.61 
0.65 
0.64 
Cv<-> 
1.00 
1.00 
1.00 
1 .00 
Level recorders have been installed upstream and downstream, but it 
appeared very difficult to synchronize the registrations. Also the 
gates had to be changed, and consequently most measurements have been 
done by hand, reading the gauges that were placed on the board. 
2.2.4. Calibrations 
The weir in Channel A has been calibrated with an Ott current meter. 
The measurements took place in the rectangular approach channel of the 
weir, at 0.4 part of the depth (from the bottom). At a width of 40 cm 
measurements were done in the middle of four sections of each 10 cm 
width. The results of five measurements have been compared with the 
discharge that can be found in the given rating curve. In this rating 
curve the waterheight h above the sill is related to the discharge 
(see Appendix 3). The results are given in Table 3. The calculations 
are given in Appendix 4. 
The value h has been measured in the stilling well with the level 
recorder and was continuously 13.0 cm. 
Pump No. 1 (the dieselpump) was calibrated both in Channel A and 
Channel B. The measurements were done again at 0.4 part of the depth 
(from the bottom). This time intervals of 5 cm are used, where measurements 
took place in the middle of these intervals. 
In Channel A two series of measurements took place, from which the 
results are shown in Table 4. 
A few hours later the same pump was calibrated in the weir in Channel B, 
where six series of measurements have been done, because the discharge 
was changing. The results are given in Table 5. 
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Table 3. Results of the calibration of the veir in Channel A 
while pump 2 is working 
Measurement 
No. 
1 
2 
3 
4 
5 
h = 13.0 
Q = 
+ Q = 
34 
34 
0 
0 
d(cm) 
27.5 
29.5 
30.3 
30.7 
31.1 
1/s 
1/s 
Q(l/s) 
33.8 
34.4 
34.2 
33.8 
33.8 
h (cm) 
13.0 
13.0 
13.0 
13.0 
13.0 
Table 4. Results of the calibration 
of pump 1 in Channel A 
Measurement Q(l/s) 
No. 
1 42.8 
2 42.7 
Table 5. Results of the calibration of Pump 1 in Channel B 
Measurement 
No. 
1 
2 
3 
4 
5 
6 
Time (hours) 
15.00 
15.30 
17.30 
17.45 
18.00 
18.15 
Q(l/s) 
20.1 
19.0 
35.6 
36.0 
37.0 
37.3 
Most probably the lower discharges are the result of irrigation occurring 
somewhere between the pump and the weir, only the last two values have 
been taken into consideration. For plot 2 and 3 the value of 43 1/s will 
be used, while for plot 5, 8 and 9 the value of 40 1/s will be used 
because during the measurement a leakage of about 3 1/s through a clay 
dam has been observed. 
For the calculations see Appendix 4. 
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2.2.5. Salt concentration measurements 
The salt concentration of the incoming irrigation water has been 
measured using a hand Electrical Conductivity (EC) meter, or if not 
available, registrations of the EC value were read from the EC recorder 
on bridge No. 6 (Fig. 2) over the Gharbia Main Drain. 
Near the orifice an EC recorder has been placed to monitor continuous-
ly the EC value of the drainage water. For the calculation of the salt 
concentration the following relation has been used: 
-3 -1 
Salt concentration (g.m ) = 650 EC (mmho.cm ) 
Because the salt concentration of the drainage water changes in time, 
the discharged amount of salt is calculated by dividing the discharge 
in time intervals, for which a constant EC has been assumed. 
2.2.6. Storage in the irrigation canals 
To calculate the amount of water delivered to the field, the 
storage in the irrigation canals must be subtracted from the measured 
amount. An estimation of the storage can be made by measuring the width 
and the depth of the channels at an interval of 5 m length. A distinc-
tion is made between the storage for Pump 1 and for Pump 2, because 
the former creates a higher waterlevel in the channels. The results are 
given in Appendix 5. 
2.2.7. Soil sampling 
Two plots have been selected for doing more intensive measurements, 
plot 3 cultivated with cotton and plot 6 cultivated with maize. All 
sampling has been done with an auger of 6 cm diameter and by taking 
two pieces of clay at each interval of 25 cm. 
At the beginning and the end of the measuring period, eight samples 
have been taken at each test plot to a depth of 1.50 m to determine 
the EC value of the soil moisture (see Appendix 7). To obtain informa-
tion about the moisture storage and depletion, 2 samples were taken 
at the two plots before and after each irrigation up to a depth of 
1.00m, the lowest groundwater level being about 90 cm-groundlevel. 
Also in between two irrigation one or two samplings have been done, 
depending on the length of the interval. 
After weighting, drying and weighting again the moisture content on 
weightbase could be calculated. 
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2.2.8. Undisturbed soil samples 
To determine the total pore space, the dry bulk density and the 
pF-curve for the soil, at two places samples have been taken to a 
depth of 1.00 m, taking at each 25 cm four samples. This was done with 
3 
metal rings with a volume content of 100 cm . The samples were placed 
under conditions of pF = 0, pF = 1 and pF = 2 respectively in the 
laboratory and weighted each time after equilibrium was reached. 
Because of problems with the equipment to create condition for pF = 3 
and higher, the samples were dried at 104 C after these measurements, 
to determine the dry bulk density. The results are given in Table 6. 
It can be seen that for pF = 2 only a very small decrease of 0.02-0.03 
fractional part of the moisture volume takes place. See Appendix 6 
for all data. 
Table 6. The dry bulk density and the volumetric moisture content at 
different conditions for the different layers 
-
Layer p (g/cm ) e(saturated) 6(pF=l) 9(pF=2) 
0- 23 
25- 50 
50- 75 
75-100 
1.06 
1.18 
1.15 
1.05 
0.55 
0.53 
0.55 
0.58 
0.55 
0.52 
0.55 
0.57 
0.52 
0.51 
0.53 
0.55 
2.2.9. Groundwater level observations 
To follow the drainage process, piezometers have been installed in 
plot 3 and plot 6. They consisted of plastic tubes with a diameter of 
2 cm and a length of about 1.30 m. The lower end has been perforated 
at a length of 50 cm and surrounded with linnen to prevent the entrance 
of soil particles. After placing the tubes the auger holes have been 
filled with sand to act as a filter column around the tube. 
At the end of April two piezometers have been installed in plot 
No. 3 and two in plot No. 6, respectively No. 1 and 3 and No. 6 and 9 
(see Fig. 3). In this way the levels in the middle and at the drain-
sides could be measured. At the end of May No. 2 has been placed in 
plot 3. At the end of June the No's 4, 5, 7 and 8 were placed in plot 
6, to follow the level near Drain No. 6 and the Gharbia Main Drain. By 
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levelling the piezometers the observations could be related to the 
groundlevel in the middle of the plots, near respectively No. 1 and 
No. 6. 
2.2.10. Horizontal hydraulic conductivity 
To get an idea about the K-values in the area, six measurements 
have been done at plot No. 6. The auger holes method was used, with 
an auger of 6 cm diameter. The results are given in Table 7. 
See for the calculations Appendix 7. 
Table 7. Some K-values measured in plot 6 
Measurement 
No. 
1 
2 
3 
A 
5 
6 
K-value 
(m/day) 
0.47 
0.26 
1.13 
0.79 
0.03 
0.01 
2.2.11. Crop data 
At regular intervals the length and the density of the crops has 
been measured. These data are required to calculate the actual évapo-
transpiration. 
2.2.12. Evapotranspiration 
Actual meteorological data were not available, so the data that 
are given by Rijtema and Aboukhaled (ABOUKHALED et al, 1975) for the 
coastal area have been used, giving the mean monthly maximum evapora-
tive demand. The data are slightly adjusted for the village Hamul with 
respect to the wind velocity and the air moisture deficit. This has 
been done by taking the mean values of Baitim and Sakha, because Hamul 
is located in the middle between these two meteorological stations 
(Appendix 8). 
The actual évapotranspiration has been calculated by using the 
method of Rijtema (RIJTEMA, 1981), using data about the crop length, 
crop density and the volumetric moisture content of the soil. 
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3 . MEASUREMENT RESULTS 
3 . 1 . G e n e r a l 
Plot 1 has been the only one with a deviating cultivation pattern. 
It was a mixed cultivation of onions, tomatoes, cucumbers and small 
amounts of other crops to be sold on the local market. This plot has 
not been taken into account. 
Plot 2 and 3 have been cultivated with berseem until about 10 April. 
After this the land has been ploughed into a ridge and furrow system 
and irrigated to bring the soil at field capacity. Around 18 April the 
cotton has been planted. At 12 May some land was trasferred to plot 1 
by changing the location of the drain between the two plots. Before 
the second irrigation at 26 May each cotton plant has been reduced to 
two stalks to achieve a good crop growth. Also some fertilizers has 
been added around each plant, which happened also at the next irrigations 
on 16 June and 3 July. 
Fig. 8 gives the development of the cotton with respect to crop 
length and density. 
5 0
 r Cotton 
31 
Time 
Fig. 8. The development of the cotton crop 
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Plot 4 upto 9 inclusive have been cultivated with berseem untill 
the end of April. After this the land has been ploughed and irrigated 
in the beginning of May, and a pre-irrigation took place at 7 and 8 
may for all plots. After the surface was dry enough, shallow ditches 
were ploughed in a large rectangular pattern, dividing the land into 
parts of about 5 by 15m. Around 15 May the maize was sown. Before the 
next irrigation at 16 June, the maize has been thinned at places with 
a high concentration of plants. Also some fertilizer has been added 
around each plant. Irrigation took place by completely submerging the 
land, where the ditches were serving as distribution canals. The last 
measured irrigations were done from 4-7 July. 
Fig. 9 gives the development of the maize with respect to crop 
length and density. 
At all plots the land has been irrigated by bringing an excess of 
water on the land. After the irrigation the surplus is drained off. 
This will be called the surface-drainage. The drainage throught the 
soil will be called subsurface drainage. 
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Fig. 9. The development of the maize crop 
3.2. Measurement results for testplot 3 
It has been noticed that the greater part of the subsurface 
drainage was not drained by the field drains. After two or three days 
the groundwater level (gwl) fell below 40 cm soil surface (si). It is 
assumed that the Drain No. 6 and the Gharbia Main Drain form together 
a second drainage system, for which the drainage quantity could not be 
measured. 
The measured amount of drainage water is assumed to be surface 
drainage, because it has been measured during a few hours after irriga-
tion. The small contribution of the subsurface drainage to this amount 
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can be neglected. The salt concentration, however, increased signifi-
cantly by the contribution of the subsurface drainage water. The 
irrigation and drainage data are given in Table 8. 
See for all discharge data of Plot 3 Appendix 10. 
The low discharge relative to the field supply for the irrigation of 
15 April can be explained by the fact that at that time the land was 
not yet ploughed into a furrow and ridge system. So the area covered 
with water was about twice as large. 
The equation for the waterbalance is: 
Qd = Q. + P - E AS 
where: Q, = drainage quantity 
Q. = irrigation quantity 
P = precipitation 
E = actual evapotransoiration 
AS = change in the amount of storage 
Since P = 0 and E and AS are calculated, Q, can be calculated. The 
d 
results are shown in Table 9. 
Table 8. The irrigation and drainage data for Plot 3 
Date 
15 April 
26 May 
16 June 
3 July 
Field 
supply 
3 
m 
420 
265 
265 
254 
Surface 
drainage 
3 
m 
23 
24 
25 
21 
Net 
supply 
3 
m 
397 
241 
241 
233 
mm 
107 
78 
78 
75 
EC 
irrigation 
mmho/cm 
1.40 
1.61 
1.52 
1.45 
Netto 
salt supply 
kg/m 
0.097 
0.080 
0.081 
0.072 
Table 9. The waterbalance for Plot 3 
Period 
1. 15-4 to 26-5 
2. 26-5 to 16-6 
3. 16-6 to 3-7 
4. 3-7 to 20-7 
Qi 
mm 
107 
78 
78 
75 
E 
mm 
54 
60 
63 
63 
AS 
mm 
24 
-6 
-3 
0 
mm 
29 
24 
18 
12 
19 
The calculation of the actual évapotranspiration for cotton is 
given in Appendix 11, and an estimation of AS is made in Appendix 12. 
Table 10 gives the volumetric moisture content of the soil during 
the measuring period. 
If évapotranspiration is calculated from these data, the values 
are much lower than those calculated in Appendix 11. Because the data 
about the moisture content are not very accurate, the values of Appen-
dix 11 are used. 
In Fig. 10 the level of the groundwater table is shown during the 
measurement period. The mean drain depth is the mean water level of the 
Drain No. 6 and the Gharbia Main Drain during the irrigation interval, 
with respect to the soil surface of the plot. It can be seen that the 
level of the groundwater becomes lower than the assumed drain depth. 
The data are given in Appendix 13. 
Table 10. The measured volumetric moisture content of Plot 3 
Depth 0-25 25-50 50-75 75-100 
Date 
24-4 
2-5 
9-5 
19-5 
24-5 
26-5 
27-5 
4-6 
10-6 
14-6 
16-6 
17-6 
26-6 
1-7 
3-7 
9-7 
•adjusted value 
0.40 
0.38 
0.37 
0.37 
0.36 
0.45* 
0.39 
0.34 
0.31* 
0.45 
0.32 
0.28 
0.35 
0.44 
0.43 
0.45 
0.42 
0.41* 
irrigation 
0.45 
0.45 
0.45 
0.44 
irrigation 
0.47 
0.44 
0.42 
irrigation 
0.42 
0.47 
0.44 
0.50 
0.47 
0.53 
0.46 
0.49 
0.51 
0.49 
0.51 
0.47 
0.50 
0.51 
0.50 
0.47 
0.50 
0.52 
0.55 
0.49 
0.50 
0.53 
0.51 
0.52 
0.47 
0.51 
0.52 
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Fig. 10. The measured volumetric moisture content of Plot 3 
3.3. Measurement results for testplot 6 
In test Plot 6 it has been noticed also that the two drainage 
systems were acting together. It has been assumed that all the measured 
drainage water has been surface drainage. The irrigation and discharge 
data are given in Table 11. 
The calculation of these data is given in Appendix 14, together with 
the data for the other maize plots. 
The waterbalance is given in Table 12. 
Table 11. The irrigation and drainage data for Plot 6 
Date 
7 May 
16 June 
4 July 
Field 
supply 
3 
m 
703 
717 
574 
Surface 
drainage 
3 
m 
154 
160 
92 
Netto 
3 
m 
549 
557 
482 
supply 
mm 
144 
146 
126 
EC 
irrigation 
mmho/cm 
1.40 
1.38 
1.45 
Netto 
salt supply 
kg/m 
0.131 
0.131 
0.121 
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Table 12. The waterbalance of Plot 6 
Period Q. E AS Q,, 
l d 
7-5 to 16-6 
16-6 to 4-7 
4-7 to 20-7 
144 
146 
126 
64 
53 
53 
14 
11 
0 
66 
82 
73 
The calculated actual évapotranspiration is given in Appendix 15. 
Table 13 gives the volumetric moisture content during the measuring 
period of Plot 6. 
In Fig. 11 the groundwater level in the middle of Plot 6 is shown 
during the measuring period. 
The data are given in Appendix 16. 
Table 13. The volumetric moisture content of Plot 6 
during the measuring period 
Depth 0-25 25-50 50-75 75-100 
Date 
29-4 
7-5 
11-5 
28-5 
6-6 
14-6 
16-6 
17-6 
26-6 
1-7 
4-7 
9-7 
0.33 
0.51 
0.38 
0.37 
0.36 
0.43 
0.37 
0.28 
0.42 
0.42 
irrigation 
0.49 
0.45 
0.44 
0.44 
irrigation 
0.42 
0.48 
0.38 
irrigation 
0.46 
0.44 
0.52 
0.45 
0.47 
0.50 
0.50 
0.48 
0.38 
0.49 
0.49 
0.50 
0.53 
0.51 
0.47 
0.44 
0.50 
0.46 
0.51 
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Fig. 11. The groundwater table in the middle of Plot 6 related to the 
groundwater level 
3.4. Overall waterbalance and irrigating efficiency for 
cotton and maize 
For cotton the overall balance is given in Table 14, for a period 
of 95 days. 
The irrigation efficiency can be defined as: 
E. = quantity stored in the rootzone 
netto quantity supplied to the field 
This gives for cotton an efficiency of 75%. See Appendix 10. 
For maize the overall waterbalance is given in Table 15 for a 
period of 73 days. 
Table 14. The overall waterbalance for cotton 
Qi 
nun 
338 
E 
TTTTTl 
240 
AS 
ran 
15 
mm 
83 
23 
Table 15. The overall waterbalance for maize 
Q. E S Qd 
mm mm mm mm 
407 157 25 225 
The irrigation efficiency can be calculated as 45%. See Appendix 14. 
3.5. Comments on the results 
Concerning the soil sampling and the calculated volume moisture 
content, there is the difficulty that both crops were in the initial 
stages and especially maize had a very large distance between the 
individual plants. This caused an irregular moisture distraction from 
the soil and this hampered a representative sampling. 
Another problem is the presence of cracks in the clay, which can 
also cause irregular results. 
A handicap with the discharge measurements was the unability to 
automize the measurements at the orifice, because many irrigations 
have been done during the night. Considering the results obtained by 
the estimations, they seem quite satisfactory as they correspond more 
or less with the measured ones. 
With respect to the piezometers it is the question whether they 
indicate the real groundwater table just after an irrigation. It is 
also possible that irrigation water fills up the tube by flowing 
through cracks and holes. 
Finally more calibrations would have been required to get a reliable 
figure about the capacity of the dieselpump (pump 1). 
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4. APPLICATION OF A DRAINAGE MODEL 
4.1. Description of the model 
In this model the drainage flux is related to the change of the 
storage of the groundwater with respect to time. This flux is dependent 
of the potential difference between the groundwater table and the drain 
depth, and the resistance of the soil. This gives: 
dh hd ~ h 
f
 d = v dT = -TT" (i) 
where: f, = drainage flux (cm/day) d 
y = drainable porespace 
h = groundwater table - groundlevel (cm) at t 
h, = drainable depth (cm) 
r, = resistance of the soil (day) d 
t = time (day) 
Integration gives: 
Pr. 
. t 
h = h + (h(t ) - h.) e d o d (2) 
So: 
1 
(h(t ) - h.) " Mr, 
- o d d f =
 e 
d r, 
(3) 
t=t. 
1 
yr. 
fddt = y(h(tQ) - hd) e 
t=o 
(4) 
Equation (4) gives the total amount of drainage water during timestep 
V 
The resistance r, is given by: 
r = ü)L + j 
d
 8k(D + j h) 
(5) 
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where: to = radial resistance (day m ) 
L = length between two drains (m) 
K = horizontal conductivity (m day ) 
D = thickness of the aquifer below drainlevel 
h = height of the watertable above drainlevel 
As the drains are open, ÜJL can be neglected. The value of D can be 
taken as -r L, and neglecting further -r h with respect to D, will give: 
rd • k <6> 
4.2 . A p p l i c a t i o n of t h e d r a i n a g e model t o t h e t e s t - a r e a 
In the t e s t -a rea two drainage systems are in te rac t ing , which are 
the drainage to the open f ie ld drains and the drainage to the main 
dra ins . As soon as the groundwater level f a l l s below 40 cm-gl (the depth 
of the f ie ld drains) only the second system wi l l operate. 
The two systems can be separated by analysing f i r s t the system of 
the big drains when i t operates alone. 
Rewriting of (2) gives: 
ln(h, - h) = ln(h, - h(t )) - -—- t (7) d d o pr , 
a 
Plotting ln(h, ~ h) against time will give a straight line with the 
intercept ln(h, - h(t )) and the slope . v
 d o v yr, 
Q 
Taking y • 0.04, this will give the value of r . Using equation (4) 
the amount of water drained by the deep system can be calculated. 
In case the groundwater level (gwl) is between 0 and 40 cm-gl, the 
two systems are working together. The contribution of the deep system 
to the lowering of the gwl is given by rewriting (1): 
àk = _Ë (8) 
dt yrd 
By taking At = 1 day the contribution Ah, (deep) must be subtracted 
from the total lowering Ah (total), and this will give the lowering 
Ah (shallow) caused by the shallow system alone, 
s 
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So without the deep system it would take a longer time to reach the 
measured lowering of the gwl. This longer time can be calculated by: 
Ah. 
t1., = t' + 
n+1 n Ah At 
(9) 
where t' = modified value for t at day n 
n 
For n = 0 : t ' = t = 0 
n n 
By plotting the gwl against t', the same procedure can be followed 
as described for the deep system, and the amount of water drained by 
the shallow system can be calculated. 
4.3. The results of the model for cotton 
In Fig. 12 the plotting of equation (7) is made for the deep system 
for the period of 26 May to 16 June, where h, = 100 cm-gl. 
i 
g 
c 
J I I I I L J I 
0 2 4 6 8 10 12 14 16 18 20 
t (days) 
Fig. 12. The logarithmic lowering of the gwl of Plot 3 in time for 
the deep system 
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From this one can calculate (L = 195 m): 
_1 
- 0.041 day -1 
r , = 610 days 
K„ = •—• = 0.16 m day"1 d 2 r , d 
In Fig. 13 the same is done for the shallow system for the period 
26 to 29 May, with h = 40 cm-gl. 
From this one can calculate (L = 24 m): 
— = 0.5 day-1 
ur
 J 
s 
r = 50 days 
-1 K = 0.24 m day 
s 
With equation (4) finally the total drainage by the two system can be 
calculated and compared with the amount that was calculated from the 
waterbalance. This is done in Table 16. 
c 
3 " 
2 -
1-
t (days) 
Fig. 13. The logarithmic lowering of the gwl for the shallow system 
with adjusted time (t') 
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Table 16. The results of the model and a comparison with the values 
calculated from the waterbalance for Plot 3 
Period System Q,(separate) d Q,(total) Q,(balance) d a 
days mm mm mm 
1 
2 
3 
4 
shallow 
deep 
shallow 
deep 
shallow 
deep 
shallow 
deep 
2 
41 
2 
20 
2 
17 
2 
17 
5 
26 
5 
18 
5 
16 
5 
16 
31 
23 
21 
21 
29 
24 
18 
12 
4.4. The results of the model for maize 
In Fig. 14 the lowering of the gwl has been plotted against time 
for the second period,h, = 100 cm-gl. 
S2t~ 
c 
• - • „ 
• - • -
• - • 
I J L J I 
0 2 4 6 8 10 12 14 16 
t (days) 
Fig. 14. The lowering of the gwl of Plot 6 plotted as the logarithm 
against time for the deep system 
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From this one can calculate (L = 170 m) 
1 _ 
r, = 
0.045 day 
556 days 
-1 
K, = 0.15 m day -1 
For the shallow system the same has been done with adjusted values for 
t (t') in Fig. 15 with h = 40 cm-gl. 
From this one can calculate (L - 25 m): 
— » 0.40 day"1 
ur
 J 
s 
r = 63 days 
-1 K = 0.20 m day 
Table 17 gives the results. 
4i-
> 2 -
Fig. 15. The lowering of the gwl for the shallow system with adjusted 
time t' 
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Table 17. The results of the model for Plot 6 and a comparison with 
the values calculated from the waterbalance 
Period System t. Q, (separate) Q (total) Q,(balance) 
days mm mm mm 
shallow 
deep 
shallow 
deep 
shallow 
deep 
4 
39 
3 
17 
3 
16 
13 
33 
11 
21 
11 
21 
46 66 
32 82 
32 73 
4.5. Comments on the result 
For the cotton the outcome of the model and of the waterbalance 
are corresponding reasonably well, except for period 4, where the model 
gives a much higher result. An explanation for this could be, that the 
measured groundwater table immediately after the irrigation is not the 
real watertable and part of the deeper porespace is not filled with 
water. 
For the maize the results are not corresponding at all. Assuming 
u = 0.04 only 40 mm can be stored to a depth of 1 m. Because the 
values for maize from the waterbalance are much higher, the only 
possible explanation is that the p-value for this plot will be higher 
than has been assumed. 
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5. CONCLUSIONS 
Two main problems have been detected in the test-area. The first 
one and most important is the fact that most of the drainage water 
discharges to Drain No. 6 and the Gharbia Main Drain. This amount can 
not be measured, nor the quality of this water. 
The second problem is the measuring of the discharge in the test-
area. The orifice proved to be very inconvenient, but other solutions 
were not found. Registration by recorders proved unsatisfactory. A 
second aspect was the reluctant attitude of the farmers towards any 
heightening of the waterlevel. 
With respect to the soil sampling it is better to do measurements 
at conditions with full crop cover. This will avoid irregular moisture 
distraction from the soil and this will give more reliable results on 
the soil moisture content. 
The application of the drainage model to the test plots showed 
that for the maize plot serious doubts rised about the correctness of 
the assumed value for u. 
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APPENDIX 1. PLOT DIMENSIONS 
A P P E N D I X 2 . T H E V A L U E S O F C „ A N D C F O R T H E D I S C H A R G E F O R M U L A O F T H E 
d v 
ORIFICE (SEE BOS, 1978) 
C, : This value gives an indication about the rate of contraction of 
the flow through the gate. C, is calculated by the formula: 
C, = 0.61 (1 + 0.15 r) 
a 
lenth of contractioning sides 
where r = 2 length of all sides together 
C : This value gives an indication about the velocity of flow before 
v °
 J 
and in the gate. The values are given in Table A2.1. 
Table A2.1. Relation between C, and C 
d v 
A* 
^4" C 
d A v 
0-0.2 1.00 
0.3 1.01 
0.4 1.02 
0.5 1.04 
*where A* = area of the gate 
A = area of the wetted 
upstream cross section 
APPENDIX 3. THE Q-h RELATION FOR THE RBC CRESTED WEIRS (BOS ET AL, 
1984) 
*. 
(a) 
.070 
.080 
.090 
.100 
.110 
.120 
.1» 
.140 
.1» 
.160 
.170 
.1(0 
.190 
300 
.210 
.220 
.230 
.240 
.2» 
.260 
.270 
380 
.290 
300 
J10 
J20 
330 
340 
.350 
360 
370 
J80 
390 
.400 
.410 
.420 
.430 
.440 
.4» 
.460 
.470 
.480 
490 
JOO 
.310 
.520 
.330 
.340 
.350 
.360 
J70 
.580 
.390 
400 
.«10 
.620 
.630 
.6*0 
450 
JUÜ 
MO 
AH' 
1.0 « », « 
t - 1.0 
1.0 a ' 
a 
» (•'/» per aeter width) 
f i " 
0.2 m 
.0304 
.0374 
.0450 
.0531 
.0616 
.0706 
.0801 
.0900 
.1004 
.1112 
.1224 
.1339 
.1459 
.1583 
.1711 
.1842 
.1977 
.2116 
.2259 
.2405 
.2355 
.2708 
.2864 
3024 
J I88 
3335 
4525 
.3698 
.3875 
.4055 
.4238 
.4424 
.4614 
.4806 
.3002 
.5200 
3401 
3607 
3815 
.6025 
4238 
.6455 
.6674 
.6896 
.7122 
.7350 
.7380 
.7814 
JUSO 
J290 
JS32 
J776 
.9024 
.9274 
.9327 
.9782 
1.004 
1.030 
1.036 
1.083 
1.110 
0.046 a 
w 
0.1H, 
» i -
0.3 m 
.0301 
.0370 
.0445 
.0524 
.0608 
.0696 
.0788 
.0885 
.0985 
.1090 
.1198 
.1319 
.1426 
.1345 
.1668 
.1794 
.1924 
3058 
.2194 
.2334 
.2477 
.2624 
.2774 
.2927 
J083 
.3242 
3404 
.3369 
3738 
.3909 
.4083 
.4261 
.4441 
.4624 
.4810 
.4999 
3190 
3385 
3582 
3782 
3984 
.6189 
.6398 
.6608 
.6822 
.7038 
.7257 
.7478 
.7702 
.7929 
JIS8 
J390 
.8624 
J861 
.9102 
.9343 
.9388 
.9835 
1.008 
1.034 
1.039 
0.066 a 
or 
0.IH, 
f i " 
0.4 m 
.0300 
.0369 
.0442 
.0521 
.0604 
.0691 
.0782 
.0877 
.0976 
.1079 
.1185 
.1295 
.1408 
.1523 
.1646 
.1769 
.1896 
.2027 
.2160 
.2297 
3436 
.2379 
.2723 
.2873 
3025 
3180 
3337 
.3498 
3661 
3828 
3997 
.4168 
.4343 
.4520 
.4701 
.4883 
3069 
3237 
3447 
3641 
3837 
J03S 
.6236 
.6440 
.6646 
.6855 
.7065 
.7279 
.7493 
.7715 
.7936 
JI39 
J385 
J613 
4844 
.9077 
.9312 
.9350 
.9790 
1.003 
1.028 
0.086 m 
f i " 
« 
.0298 
.0298 
.0439 
.0516 
.0597 
.0683 
.0771 
.0864 
.0960 
.1059 
.1161 
.1267 
.1375 
.1487 
.1601 
.1718 
.1838 
.1961 
3086 
3214 
3344 
3477 
3612 
3749 
3889 
.3032 
3176 
.3323 
.3472 
.3623 
3776 
.3931 
.4088 
.4248 
.4409 
.4373 
4738 
.4905 
3075 
3246 
3419 
3394 
3771 
3950 
4130 
.6312 
4496 
4682 
4869 
.7059 
.7249 
.7442 
.7636 
.7832 
JD29 
J228 
4429 
4632 
4836 
.9041 
.9249 
*. 
(a) 
.100 
.120 
.140 
.160 
.180 
300 
320 
.240 
.260 
.280 
.300 
.320 
.340 
360 
.380 
.400 
.420 
.440 
.460 
.480 
.300 
.320 
340 
360 
380 
.600 
.620 
.640 
.660 
.680 
.700 
.720 
.740 
.760 
.780 
400 
420 
440 
460 
480 
.900 
.920 
.940 
.960 
.980 
1.000 
AW-
< 
P i ' 
0.2 a 
4521 
.0695 
.0889 
.1099 
.1326 
.1369 
.1827 
3101 
3389 
3691 
3008 
3337 
.3681 
.4037 
.4406 
.4788 
3182 
3588 
4007 
.6437 
4878 
.7331 
.7796 
4271 
.8758 
.9257 
.9765 
1.028 
1.081 
1.135 
1.191 
5 
0.047 a 
Of 
0 .1 / / , 
», » 2.0 
L- 1.0 
m 
m 
« 
m'lt per aeter width) 
r » i * 
0.4 m 
.0511 
.0680 
.0866 
.1067 
.1283 
.1513 
.1756 
3013 
3283 
3365 
3859 
3165 
3483 
.3812 
.4153 
4305 
.4868 
3241 
3626 
.6020 
.6425 
.6840 
.7265 
.7699 
4144 
.8600 
.9063 
.9537 
1.002 
1.051 
I.IOI 
1.133 
1305 
1.237 
1311 
1366 
1.422 
1.478 
1.533 
1.593 
1452 
1.712 
1.773 
1.834 
1.897 
1.960 
1> 
*•» 
0.087 a 
or 
0 .1 / / , 
f i • 
0.6 a 
.0508 
.0675 
.0858 
.1056 
.1268 
.1493 
.1732 
.1982 
3245 
.2519 
3805 
3101 
3409 
3727 
.4056 
.4395 
.4744 
J103 
.5472 
J8S1 
.6239 
4636 
.7042 
.7458 
.7884 
4319 
4762 
.9214 
.9674 
1.014 
1.062 
1.111 
1.160 
1310 
1362 
1314 
1.367 
1.420 
1.474 
1.530 
1.586 
1.642 
1.700 
1.758 
1.817 
1.877 
tk*<«4. 
xLL 
0.124 a 
or 
O.IH, 
r»i • 
• 
4306 
.0671 
.0852 
.1046 
.1253 
.1473 
.1704 
.1946 
.2199 
.2461 
.2733 
.3015 
3306 
3606 
3914 
.4231 
.4556 
.4889 
3229 
JS77 
.5932 
.6295 
•6664 
.7041 
.7425 
.7815 
4212 
4615 
.9025 
.9441 
.9864 
1.024 
1.073 
1.117 
1.161 
1.207 
1.252 
1.299 
1.346 
1.393 
1.441 
1.490 
1.539 
1.588 
1.638 
1.689 
*/.» - 2 lo 3 limes p>\L.* / / , . 
'Change in bead increment. 
,; Lm + 1» » 2 lo 3 lime* «,« 
APPENDIX 4. CALIBRATION OF THE WEIRS AND THE IRRIGATION PUMPS 
The calibrations were done with an Ott current meter and the number 
of rotations in 50 seconds has been measured. The following relations 
are valid: 
n < 1.84: v = 0.0613 n + 0.019 
1.84 < n < 6.25: v = 0.0575 n + 0.026 
n > 6.25 v = 0.0543 n + 0.046 
where n = number of rotations per sec. 
v = velocity of the flow in m/s 
- Calibration of pump 2 in the weir in Channel A 
Measurements have been done in four sections of 10 cm width. 
Five calibrations have been done: 
Number 
1 
2 
3 
4 
5 
n 
V 
Section 
d 
nmean 
n 
V 
d 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
(m/s) 
(m) 
U/s) 
0-10 
5.80 
0.360 
5.60 
0.348 
5.24 
0.327 
5.12 
0.320 
4.94 
0.310 
10-20 
6.02 
0.372 
5.58 
0.347 
5.50 
0.342 
5.36 
0.334 
5.42 
0.338 
0.275 
33.8 
0.295 
34.4 
0.303 
34.2 
0.307 
33.8 
0.311 
33.8 
20-30 
5.94 
0.368 
5.48 
0.341 
5.16 
0.323 
5.12 
0.320 
5.04 
0.316 
30-40 
4.66 
0.294 
4.56 
0.288 
4.60 
0.291 
4.38 
0.278 
4.22 
0.269 
- The calibration of pump 1 in Canal A 
The width was divided in 8 sections of 5 cm width 
Number Section 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 
1 n 4.86 5.26 5.52 5.74 5.48 5.20 4.74 4.20 
v 0.305 0.328 0.343 0.356 0.341 0.325 0.299 0.268 
h 0.334 
Q 42.8 
2 n 4.78 5.24 5.45 5.66 5.44 5.06 4.54 4.14 
v 0.301 0.327 0.340 0.351 0.339 0.317 0.287 0.264 
h 0.338 
Q 42.7 
- The calibration of the pump 1 in Canal B 
The width was divided in 6 sections of 5 cm 
Number 
1 
2 
3 
4 
5 
6 
Sec t ion 
n 
V 
h 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
n 
V 
h 
Q 
0-5 
3.72 
0.240 
3.68 
0.238 
5.46 
0.340 
5.48 
0.341 
5.56 
0.346 
5.64 
0.350 
5-10 
4.00 
0.256 
3.86 
0.248 
5.84 
0.362 
5.78 
0.358 
5.96 
0.369 
5.98 
0.370 
10-15 
4.16 
0.265 
4.00 
0.256 
5.96 
0.369 
5.94 
0.368 
6.06 
0.374 
6.12 
0.378 
0.255 
20.1 
0.249 
19.0 
0.325 
35.6 
0.332 
36.0 
0.334 
37.0 
0.335 
37.3 
15-20 
4.24 
0.270 
4.12 
0.263 
6.16 
0.380 
6.10 
0.377 
6.10 
0.377 
6.22 
0.384 
20-25 
4.40 
0.279 
4.24 
0.270 
6.18 
0.381 
6.08 
0.376 
6.26 
0.386 
6.24 
0.385 
25-30 
4.12 
0.263 
3.94 
0.253 
5.74 
0.356 
5.64 
0.350 
5.82 
0.361 
5.76 
0.357 
Where sections were used of 10 cm width, the following formula is 
used, which is given by the training course field hydrology of the 
Department of Catchment hydrology of the University of Wageningen: 
b. + b. n /b. + b. \ 
1=0 
where: y. = water depth at place of measurement i 
b. = width between y. , and y. 
_i l-l 1 
v. = mean velocity over the length y. 
v = 0 
o 
Where sections were used of 5 cm width, the discharge is calculated 
as: 
n v.' 
* b 
where: n = number of measurements 
v. = mean velocity at measurement i 
1 
h = mean water depth 
b = width of the weir 
APPENDIX 5. STORAGE IN THE IRRIGATION CANALS 
The storage is calculated as: 
S = 1 . b . h 
3 
where: S = storage (m ) 
1 = length of the canal (m) 
b = mean width of the canal (m) 
h = mean water depth during irrigation 
Canal Km) b(m) h(m) S(m3) Pump 
Bf 
B(total) 
172 
76 
75 
17 
28 
29 
32 
27 
0.965 
1.041 
0.58 
1.29 
1.35 
1.09 
0.90 
0.88 
0.45 
0.50 
0.45 
0.47 
0.40 
0.49 
0.56 
0.38 
0.40 
0.47 
0.48 
0.34 
0.40 
75 
83 
35.2 
37.3 
17.4 
10.7 
12.4 
14.3 
16.0 
12.5 
13.8 
13.6 
13.7 
8.0 
9.6 
94 
103 
2 
1 
2 
1 
2 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
B is the first part of the canal, the subscripts 4-9 refer to the 
parts of canal along the corresponding plot numbers. 
APPENDIX 6. DRY BULK DENSITY AND SOIL MOISTURE CONTENT AT SATURATION, 
pF = 1 AND pF = 2 
cm 
Soil moisture content at 
Dry bulk 
density saturation pF = 1 
3 , , _ 3 , . „„ 3 
Depth 
pF = 2 
g/100 cm g/100 cm g/100 cm g/100 cm 
0- 25 
25- 50 
50- 75 
75.100 
115.4 
100.9 
103.4 
101.4 
110.1 
109.4 
101.8 
114.6 
118.9 
110.3 
109.9 
122.7 
122.1 
124.8 
122.4 
108.4 
107.3 
113.5 
107.2 
119.7 
124.6 
119.6 
123.0 
106.7 
102.9 
102.0 
106.8 
105.0 
102.3 
106.1 
107.3 
55.5 
55.7 
55.1 
54.3 
55.3 
54.7 
55.7 
52.6 
53.8 
55.6 
52.4 
51.2 
51.8 
52.1 
50.8 
56.4 
59.1 
56.1 
56.7 
55.1 
53.2 
53.2 
53.7 
54.5 
59.1 
57.7 
57.9 
58.7 
58.3 
59.4 
58.1 
55.3 
55.3 
55.1 
53.7 
54.8 
54.2 
53.5 
52.5 
53.8 
55.6 
51.5 
50.8 
51.4 
52.0 
50.7 
56.0 
58.4 
54.8 
56.7 
54.9 
52.7 
52.6 
53.7 
54.1 
58.4 
57.1 
57.3 
58.6 
57.4 
58.2 
57.8 
54.0 
52.8 
52.2 
48.8 
53.3 
51.9 
48.6 
51.3 
52.8 
54.9 
49.4 
49.8 
50.1 
51.2 
50.0 
54.4 
56.4 
52.6 
54.8 
52.6 
49.3 
50.1 
51.6 
51.3 
55.1 
54.1 
54.8 
57.8 
55.1 
57.9 
55.6 
APPENDIX 7. MEASUREMENT OF PERMEABILITY IN PLOT 6 
The augerhole method has been used at six spots in Plot No. 6, the 
first one near Drain No. 6 and heading up to the Gharbia Main Drain. 
The Formula of Ernst is used: 
K = 
4000 r Ay 
m day -1 
(H + 20 r)(2 - £) yAt 
r = radius of the augerhole (cm) 
Ay = change in drop in waterlevel in the augerhole during the experi-
ment (cm) 
H = depth of augerhole below waterlevel (cm) 
y = average drop in waterlevel during measurement (cm) 
I 
•o 
1 
I 1 
i 
i 
X 
' < 
i 
' 
i 
' 
> 
» ^ » tm 
I 
l> 
k ' 
I i 
4-1 
l> 
k 
' 
-« *-
2r 
Fig. A7.1. The variables in using the augerhole method 
All values are in cm and sec, which gives K in m day . The used 
auger has a r = 3 cm. For a correct measurement there is the condition: 
Ay < I y(to) 
The results of the measurement are given in Table A7.1. 
Table A7.1. The results of the augerhole measurements 
Measurement 
No. 
1 
2 
3 
4 
5 
6 
d 
cm 
118 
153 
123 
160 
190 
159 
h 
w 
cm 
79 
78 
77 
75 
80 
89 
Ay 
cm 
4.5 
5.0 
7.5 
10.8 
2.4 
4.1 
At y(to) 
sec. cm 
90 37 
75 54.0 
60 30.0 
50 52.0 
150 80.3 
1500 44.5 
y 
cm 
34.8 
51.5 
26.3 
46.6 
79.1 
42.5 
H 
cm 
39 
75 
46 
85 
110 
70 
k 
, -l 
m day 
0.47 
0.26 
1.13 
0.79 
0.03 
0.01 
APPENDIX 8. CALCULATION OF THE MAXIMUM EVAPOTRANSPIRATION FOR THE 
HAMUL AREA (ABUKHALED ET AL, 1975) 
The data given by Abukhaled and Rijtema for the coastal area are 
adjusted for the Hamul region. The assumption is that the vapour trans-
portterm causes the most important change in the transpiration. The 
change in the radiation term will be neglected. 
The calculation path is as follows: 
1. Calculate the term u (e -e ) for Hamul as the mean values of the 
s a 
meteostations Baltim and Sakha. 
2. Dividing this value by the given value of this term for the coastal 
area gives a correction factor c. 
3. A corrected vapour transportterm can be calculated. 
4. Add the correct radiationterm to the new vapour transportterm. 
Where: u = wind velocity at 2 m height in cm.s 
e = saturated vapour pressure in mbar at air temperature 
e = actual vapourpressure in mbar 
The calculations are given in the tables below 
Table A8.1. Calculation of the correction factor c 
Month 
0.75 
u 
o.75 
u 
u 
0.75 
u 
e -e 
s a 
(e -e ) 
s a 
<eB
_e
«> 
s a c 
April 
2.3 
1.86 
4.4 
8.18 
9.60 
0.85 
May 
2.1 
1.74 
6.2 
10.79 
10.21 
1.06 
June 
2.1 
1.74 
6.4 
11.14 
10.41 
1.07 
July 
2.0 
1.68 
5.7 
9.58 (Hamul area) 
10.94 (coastal area) 
0.88 
Table A8.2. The vapour transportterm for the coastal area 
Month April May June July 
Crop height (cm) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
> 90 
0.65 
2.60 
3.49 
3.91 
4.27 
4.57 
4.83 
5.09 
5.25 
5.38 
0.61 
2.44 
3.28 
3.68 
4.01 
4.29 
4.53 
4.77 
4.92 
5.05 
0.56 
2.25 
3.01 
3.37 
3.68 
3.94 
4.16 
4.38 
4.52 
4.63 
0.55 
2.19 
2.93 
3.29 
3.59 
3.84 
4.06 
4.27 
4.41 
4.52 
Table A8.3. The net radiation terms for the coastal 
area 
Month April May June July 
bare soil 3.07 4.31 5.21 5.67 
cropped soil 2.54 3.66 4.48 4.91 
Table A8.3. The calculated potential évapotranspiration for the Hamul 
area and the reduction factors for partial soil cover 
Month April May June July 
Crop height 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
Soil cover % 
reduction 
summer 
0 
0. 
3.62 
4.75 
5.51 
5.86 
6.17 
6.42 
6.65 
6.87 
7.00 
7.11 
10 
32 0.40 
20 
0 
4.96 
6.25 
7.14 
7.56 
7.91 
8.21 
8.46 
8.72 
8.88 
9.01 
30 
.47 0.55 
5.81 
6.89 
7.70 
8.09 
8.42 
8.70 
8.93 
9.17 
9.32 
9.43 
40 
0.63 
50 
0. 
6.15 
6.84 
7.49 
7.81 
8.07 
8.29 
8.48 
8.67 
8.79 
8.89 
60 
72 0. 
70 80 90 100 
82 0.89 0.95 1.00 1.00 
APPENDIX 10. THE DISCHARGE DATA FOR PLOT 2 AND 3 
For Pump 1 it takes about 1.5 hour before the maximum capacity is 
supplied to the field. 
The data are given in Table A10.1. 
Table A10.1. Discharge data and EC-values for Plot 2 and 3 
Date t 
hour 
l 
1/8 
IQ, 
m 
S 
3 
m 
M 
3 
*i EC. l 
EC 
m mm mmho/cm mmho/cm 
15-4 
26-5 
16-6 
3-7 
1.35 
2.20 
1.50 
1.50 
1.50 
1.50 
21.5 
43.0 
21.5 
43.0 
21.5 
43.0 
2.75 34.0** 
107 
341 
116 
232 
116 
232 
337 
28 
83 
83 
83 
23* 
24 
24 
21 
107 1.4 2.0 
78 1.61 1.65 
78 1.52 1.70 
75 1.45 1.50 
*value estimated with formula 
••irrigation with pump 2 with h = 23.0 cm 
The drainage discharge data of 26 May are given in Table A10.2. 
Table A10.2. The drainage discharge 
measurement at 26 May 
' i n t 
min. 
15 
7 
8 
10 
10 
10 
15 
7 
23 
5 
20 
130 
Q 
1/s 
1.5 
2.4 
3 .5 
4 .6 
3.9 
3.4 
2.1 
2.1 
2 .5 
2.4 
1.9 
0.5 
Q . t . . 
m t 
3 
m 
1.350 
1.008 
1.680 
1.760 
2.340 
2.040 
1.890 
0.882 
3.450 
0.720 
2.280 
3.900 
24.3 
The drainage discharge data of 3 July are given in Table A10.3. 
Table A10.3. The drainage discharge 
measurement at 3 July 
fcint 
min. 
3 
4 
3 
3 
2 
5 
5 
5 
3 
9 
3 
8 
9 
5 
77 
122 
Q 
1/s 
1.8 
1.9 
2.1 
3.5 
4 .5 
4.1 
3 .8 
3 .8 
3 .5 
2.9 
2 .3 
1.7 
1.9 
1.9 
1.4 
0 .5 
Q. t . ^ 
m t 
3 
m 
0.324 
0.456 
0.378 
0.630 
0.540 
1.230 
1.140 
1.140 
0.630 
1.560 
0.414 
0.816 
1.026 
0.507 
6.468 
3.660 
20.9 
APPENDIX 11. CALCULATION OF THE ACTUAL EVAPOTRANSPIRATION FOR THE 
COTTON ON PLOT 2 AND 3 
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Where: E = open water evaporation (mm.day ) 
E = maximum evaporative demand (mm.day ) 
max r 
f = maximum capillary flux as a function of rooting depth, 
groundwater level and capillary characteristics of the 
soil assuming the rootzone at wilting point (mm.day ) 
M = available moisture for évapotranspiration at field 
o * r 
capacity (mm) 
a = fraction of total available moisture for évapotranspira-
tion that is available without crop stress 
M' = initial available moisture (mm) 
o 
M = final available moisture (mm) 
E = évapotranspiration during the considered timestep (mm) 
S = capillary contribution to the evaporation during the 
timestep (mm) 
The évapotranspiration is calculated according to the formula of 
Rijtema (RIJTEMA, 1981). 
The values of f are calculated from soil data given by RIJTEMA 
c 
(1969). The a-factor is calculated by using unpublished data about a as 
calculated at the ICW. The mean EC-value of the soil moisture at field 
capacity is about 12.17 mmho/cm. Assuming the relation: 
* = 0.36 EC 
where: Y = osmotic potential (bar) 
Gives ^(cotton) = 4.4 (bar) 
The values for a are given in Table All.2 (for T = 4.4) 
Table All.2. The value of a for 
different E at 
max 
y = 4.4 bar 
E 
max 
mm/day 
0 
1 
2 
3 
4 
5 
6 
7 
a 
0.214 
0.302 
0.390 
0.471 
0.542 
0.596 
0.636 
0.672 
APPENDIX 12. AN ESTIMATION OF THE VALUE AS 
The starting value for AS is calculated from the volumetric moisture 
content of Plot 6 at 29 April and 11 May. Assuming a moisture fraction 
at field capacity of 0.50 for each layer of 25 cm one can calculate: 
AS = 0.25{(50-33) + (50-42) + (50-44)} = 78 mm 
This value is also taken as the initial value for cotton. 
APPENDIX 13. THE GROUNDWATER LEVELS FOR PLOT 3 (ALL LEVELS RELATED TO 
THE GROUNDLEVEL IN THE MIDDLE) 
Date 
April 25 
26 
27 
28 
29 
30 
May 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Piezometer 
1 
66 
68 
69 
69 
71 
71 
71 
73 
74 
75 
65 
61 
61 
62 
63 
71 
72 
70 
69 
69 
74 
75 
18 
34 
52 
58 
61 
2 
63 
64 
9 
20 
35 
44 
48 
No. 
3 
53 
61 
67 
73 
57 
70 
75 
78 
79 
27 
36 
36 
38 
41 
56 
58 
44 
46 
57 
52 
51 
13 
30 
36 
40 
41 
- Gharbia 
Drain 
96 
96 
101 
Date 
June 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
July 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Piezometer 
1 
67 
68 
70 
72 
73 
74 
77 
78 
78 
17 
75 
77 
82 
83 
25 
49 
60 
63 
74 
68 
2 
61 
63 
64 
68 
68 
70 
72 
74 
74 
11 
76 
77 
77 
77 
19 
46 
56 
60 
65 
64 
No. 
3 
43 ' 
43 
43 
45 
50 
56 
49 
44 
44 
20 
49 
49 
55 
56 
16 s 
33 
35 
43 
50 
47 
- Gharbia 
Drain 
96 
101 
106 
101 
106 
101 
96 
101 
106 
111 
116 
111 
111 
106 
101 
96 
91 
76 
71 
66 
71 
71 
61 
61 
61 
56 
66 
76 
75 
75 
71 
76 
76 
APPENDIX 14. DISCHARGE DATA FOR PLOT 4 UPTO 9 
For the Q-h relation of the weirs is referred to Appendix 3. For 
the weir in Channel A the third table, is used for the weir in Channel 
B the second one. 
Table A14.1. Discharge data and EC-values for plot 4 upto 9 
Date 
7 May 
16 June 
17 June 
4 July 
5 July 
7 July 
8 July 
Plot 
4, 
5, 
6, 
4 
5. 
6 
4 
7 
5, 
6, 
8, 
7 
8. 
8, 
s 
7 
9 
9 
9 
t 
hour 
5.33 
1.00 
9.33 
1,50 
16.10 
9.90 
3.17 
3.9 
3.0 
7.5 
7.0 
4.75 
4.42 
4.58 
11.33 
h 
cm 
16.0 
19.0 
18.0 
" • 
18.0 
18.0 
-
17.0 
14.5 
17.5 
— 
«i 
1/8 
35.7 
47.0 
43.2 
20.0 
40.0 
43.2 
43.2 
20 
28 
37 
17 
39.0 
40.5 
41.0 
40.0 
«i 
3 
m 
685 
169 
1451 
108 
2318 
1533 
490 
281 
302 
999 
430 
667 
644 
676 
1632 
S 
3 
m 
94 
103 
94 
35** 
129** 
94 
38** 
94 
103 
Qd 
3 
m 
483* 
603* 
321 
79* 
392* 
92 
105 
95* 
221* 
V 
mm 
144 
162 
146 
86 
140 
126 
115 
127 
123 
EC. 
î 
mmho/cm 
1.40 
1.40 
1.38 
1.38 
1.38 
1.45 
1.45 
1.45 
1.40 
ECd 
mmho/cm 
2.25 
2.25 
1.97 
2.10 
2.10 
2.34 
2.40 
2.20 
2.20 
*estimation formula used 
**storage different due to circumstances in the canal 
Table Al4.2. The drainage discharge of Plot 4 upto 9 around 10 Ma}' 
Time 
7 May 
8 May 
9 May 
10 May 
16.00 
11 May 
- 18.10 
20.00 
- 3.00 
6.00 
9.00 
12.00 
14.00 
21.00 
- 2.00 
9.00 
11.00 
11.11 
11.22 
11.40 
11.57 
12.23 
12.38 
14.00 
14.13 
14.20 
14.37 
15.17 
16.20 
18.08 
11.00 
11.00 
12.00 
13.00 
16.00 
19.30 
22.00 
24.00 
7.30 
7.45 
8.30 
11.20 
11.30 
13.00 
17.30 
t(interval) 
min. 
11 
11 
18 
17 
26 
15 
82 
13 
7 
17 
40 
63 
108 
1012 
-
60 
60 
180 
210 
150 
120 
450 
15 
45 
170 
10 
90 
270 
Q 
1/s 
6.25 
6.05 
5.75 
6.10 
6.40 
6.00 
4.65 
3.00 
2.55 
2.65 
2.60 
2.35 
2.15 
1.30 
-
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
IQ 
3 
m 
4.13 
3.99 
6.21 
6.22 
9.98 
5.40 
22.88 
2.34 
1.07 
2.07 
6.24 
8.88 
13.93 
78.94 
-
1.80 
1.80 
5.40 
6.30 
4.50 
3.60 
13.50 
0.90 
1.35 
5.10 
0.30 
2.70 
8.10 
228 
EC 
mmho/cm 
1.8 
2.0 
2.2 
2.0 
2.2 
1.9 
2.0 
2.0 
1.9 
1.9 
2.0 
2.1 
2.1 
2.2 
2.2 
2.3 
2.3 
2.4 
2.5 
2.6 
2.7 
2.7 
2.8 
3.0 
3.3 
-
4.1 
4.3 
4.4 
4.6 
4.5 
4.4 
4.3 
5.1 
5.2 
4.8 
3.9 
3.4 
3.6 
h 
kg 
5.63 
5.45 
8.88 
8.89 
14.93 
8.07 
35.69 
3.80 
1.81 
4.74 
10.95 
16.17 
27.17 
169.32 
-
4.80 
5.03 
15.44 
18.84 
13.16 
10.27 
37.73 
2.98 
4.56 
15.91 
0.76 
5.97 
18.95 
476 
Table Al4.3. The drainage discharge of Plot 6 and 7 at 16 June 
Time 
hour 
1.00 
6.30 
6.45 
7.00 
7.15 
7.25 
7.43 
7.54 
8.03 
8.04 
8.13 
8.20 
8.31 
8.34 
9.40 
10.37 
11.08 
11.40 
12.15 
12.40 
14.00 
15.15 
17.00 
t(interval) 
min. 
330 
15 
15 
15 
10 
18 
11 
9 
1 
9 
7 
11 
3 
6 
57 
31 
32 
gate 
gate 
25 
80 
75 
105 
Q 
1/s 
6 
2.5 
3.4 
4:2 
4.8 
5.1 
5.2 
5.7 
6.3 
8.0 
9.2 
9.0 
11.5 
11.5 
12.4 
10.6 
9.0 
closed 
open 
7.5 
6.2 
4.6 
2.5 
IQ 
3 
m 
119 
2.25 
3.06 
3.78 
2.88 
5.51 
3.43 
3.08 
0.38 
4.32 
3.86 
5.94 
2.07 
4.14 
42.41 
19.72 
17.28 
11.25 
29.76 
20.70 
15.75 
321 
EC 
mmho/cm 
2.2 
1.7 
1.7 
1.8 
1.8 
2.0 
2.2 
2.4 
2.4 
2.3 
2.2 
2.1 
2.0 
2.0 
1.9 
1.7 
1.6 
1.8 
1.8 
1.8 
1.8 
h 
kg 
170 
2.49 
3.38 
4.42 
3.37 
7.16 
4.91 
4.80 
0.59 
6.46 
5.53 
8.11 
2.69 
5.38 
52.37 
21.78 
17.97 
13.16 
34.82 
24.22 
18.43 
412 
Table Al A.4. The dra 
Opening 
gate 
2 
cm 
8 x 20 
5 x 20 
3 x 15 
Time 
hour 
10.39 
10.45 
10.52 
11.04 
11.11 
11.32 
12.02 
12.26 
12.38 
13.02 
13.24 
13.30 
13.35 
14.05 
14.25 
14.40 
14.50 
15.04 
15.37 
17.37 
h 
up 
cm 
28.5 
26.4 
25.0 
23.5 
23.0 
22.4 
23.0 
23.8 
24.5 
26.3 
28.2 
28.6 
27.3 
27.3 
28.4 
29.5 
30.2 
30.9 
32.2 
inage 
h 
low 
cm 
30.4 
30.8 
30.5 
30.2 
30.0 
29.9 
30.0 
30.1 
30.3 
30.7 
31.0 
31.2 
32.4 
32.4 
32.5 
32.5 
32.8 
33.0 
33.3 
discharge of 
Ah 
cm 
1.9 
4.4 
5.5 
6.7 
7.0 
7.5 
7.0 
6.3 
5.8 
4.4 
2.8 
2.6 
5.1 
5.1 
4.1 
3.0 
2.6 
2.1 
1.1 
Q 
1/s 
6.3 
6.0 
6.8 
7.5 
7.6 
7.9 
7.6 
7.2 
6.9 
6.0 
4.8 
4.6 
2.7 
2.7 
2.5 
2.1 
2.0 
1.8 
1.3 
Plot 
'int 
min. 
6 
7 
12 
7 
21 
30 
24 
12 
24 
22 
6 
5 
30 
20 
15 
10 
14 
33 
120 
6 at 4 
Q 
1/s 
6.2 
6.4 
7.2 
7.5 
7.7 
7.7 
7.4 
7.1 
6.4 
5.4 
4.7 
4.7 
4.7 
2.6 
2.3 
2.1 
1.9 
1.6 
0.5 
July 
IQ 
3 
m 
2.23 
2.69 
5.18 
3.15 
9.70 
13.86 
10.66 
5.11 
9.22 
7.13 
1.69 
1.41 
4.86 
3.12 
2.07 
1.26 
1.60 
3.17 
3.60 
92 
EC 
mmho/cm 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.1 
1.9 
h 
kg 
3.63 
4.19 
8.09 
4.91 
15.14 
21.62 
15.93 
7.64 
13.78 
11.12 
2.64 
2.20 
7.58 
4.87 
3.23 
1.88 
2.39 
4.35 
4.47 
139 
Table Al A, 
Time 
hour 
9.10 
9.30 
9.45 
10.00 
10.10 
10.20 
10.30 
10.45 
11.00 
11.20 
11.30 
12.18 
12.19 
12.24 
13.23 
13.27 
14.45 
15.15 
16.45 
.5. The drainage 
t(interval) 
min. 
20 
15 
15 
10 
10 
10 
15 
15 
20 
10 
48 
1 
5 
59 
4 
78 
30 
90 
discharge 
Q 
1/s 
4.8 
6.2 
6.6 
7.2 
7.7 
7.8 
7.8 
7.9 
7.9 
7.7 
6.6 
4.9 
4.4 
3.5 
2.3 
1.6 
1.0 
0.5 
of Plot 4 
IQ 
3 
m 
5.76 
5.58 
5.94 
4.32 
4.62 
4.68 
7.02 
7.11 
9.48 
4.62 
19.01 
0.29 
1.32 
12.39 
0.55 
7.49 
1.80 
2.70 
105 
at 5 July 
EC 
mmho/cm 
2.0 
2.1 
2.2 
2.2 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.4 
2.4 
2.3 
2.2 
2.2 
2.2 
2.2 
h 
kg 
7.49 
7.62 
8.49 
6.18 
7.81 
7.91 
11.86 
12.02 
16.02 
7.81 
30.89 
0.46 
2.06 
18.52 
0.79 
10.71 
2.57 
3.86 
163 
For the calculation of E over the total area cultivated with maize, 
a reduction of 0.75 is assumed for Plot 4 and 5 because of a lower 
crop density (compared to Plot 6). 
So: 
6790 
. 0.75 . 170 + '?'?!? • 170 = 157 mm Jtot " 22,600 * ' , J ' 22,600 
For the calculation of Q.(total) the gifts are calculated as the 
weighted mean of all gifts to the Plots 4 upto 9. The result is: 
Period Q.(mm) 
1 152.4 
2 131.6 
3 122.6 
407 
APPENDIX 15. THE ACTUAL EVAPOTRANSPIRATION FOR THE MAIZE ON PLOT 6 
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The mean EC-value of the soil moisture is about 9.19 mmho/cm. 
This gives: 
¥(maize) = 0.36 EC = 3.3 bar 
The values for a are given in Table A15.2 for Y = 3.3. 
Table A15.2. The value for a for 
different E at 
max 
y = 3.3 
E 
max 
mm/day 
0 0.252 
1 0.355 
2 0.453 
3 0.542 
4 0.607 
5 0.656 
6 0.693 
7 0.724 
APPENDIX 16. THE GROUNDWATER LEVELS FOR PLOT 6 (ALL LEVELS RELATED 
TO THE GROUNDLEVEL IN THE MIDDLE 
Piezometer No. 
Date Gharbia 
4 5 6 7 8 9 Drain 
April 28 8A 79 
29 86 82 
30 87 83 
May 1 87 84 
2 
3 
4 
5 
6 
7 
8 
9 
10 32 25 
11 39 34 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 71 
27 70 
28 70 
29 71 
30 72 
31 
June 1 
2 
3 
4 75 
5 76 
6 77 
7 
8 
9 
10 79 
11 80 
82 
82 
68 
65 
69 
66 
68 
69 
70 
74 
76 
96 
96 
101 
96 
101 
106 
101 
106 
101 
96 
101 
106 
111 
116 
à 
Date 
June 
July 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
4 
65 
66 
68 
69 
70 
71 
73 
26 
38 
53 
54 
5 
65 
67 
68 
70 
72 
74 
75 
11 
22 
47 
49 
Piezometer No. 
6 
81 
82 
83 
83 
12 
23 
65 
66 
68 
69 
71 
72 
75 
74 
20 
31 
57 
59 
7 
71 
72 
73 
75 
76 
78 
79 
12 
22 
50 
52 
8 
65 
66 
67 
68 
69 
70 
70 
21 
31 
56 
59 
9 
79 
80 
79 
78 
16 
26 
69 
71 
73 
75 
79 
81 
83 
26 
36 
52 
54 
Gharbia 
Drain 
111 
111 
106 
101 
96 
91 
76 
71 
66 
71 
71 
61 
61 
61 
56 
66 
76 
71 
71 
76 
76 
76 
APPENDIX 17. SAMPLE RESULTS FOR THE SALT CONCENTRATION OF THE SOIL 
MOISTURE FOR PLOT 3 AND 6 
Sample 
No. 
Plot 3 
1 
2 
3 
4 
5-8 
mean 
Dated 9 
1 
2 
3 
4 
5 
6 
7 
8 
mean 
Plot 6 ( 
1 
2 
mean 
Depth 
dated 
July 
iated 
Dated 26 May 
Mean of 
samples 
Dated 9 
1 
2 
3 
4 
5 
6 
7 
8 
mean 
eight 
July 
: 0-25 
24 May (a 
7.09 
12.56 
7.22 
8.33 
11.06 
9.95 
11.89 
11.49 
9.15 
14.90 
12.74 
8.86 
10.85 
11.89 
10.79 
29 April 
9.73 
8.56 
9.15 
8.20 
9.39 
13.76 
12.13 
11.53 
8.81 
8.07 
9.87 
7.48 
10.13 
25-50 
11 values 
11.16 
14.20 
10.55 
9.72 
15.61 
13.50 
14.40 
13.47 
15.91 
15.40 
11.86 
15.60 
14.55 
14.40 
13.85 
7.90 
12.64 
10.27 
9.46 
8.69 
14.13 
10.95 
12.98 
10.44 
7.47 
6.61 
8.91 
10.02 
50-75 75-100 
in mmho/cm) 
14.79 
18.83 
10.79 
8.48 
15.51 
14.36 
17.04 
16.80 
8.20 
11.91 
15.90 
21.70 
14.16 
17.04 
14.90 
7.12 
11.06 
9.09 
11.07 
6.50 
12.85 
7.92 
7.91 
9.88 
7.57 
7.14 
4.83 
8.08 
11.59 
16.64 
11.76 
10.36 
12.25 
12.72 
15.58 
13.20 
15.58 
10.78 
18.25 
16.13 
13.78 
15.58 
14.79 
9.22 
6.42 
7.82 
9.76 
8.51 
10.65 
10.18 
11.97 
9.21 
12.38 
5.33 
6.35 
9.32 
100-125 
12.55 
16.41 
11.32 
10.77 
16.38 
14.58 
13.32 
9.17 
15.80 
11.97 
9.13 
14.75 
10.15 
13.32 
12.16 
7.44 
7.10 
7.27 
10.17 
10.04 
11.16 
5.76 
9.04 
8.50 
8.14 
7.06 
5.02 
8.09 
125-150 
16.35 
16.55 
9.21 
11.42 
16.12 
14.74 
-
-
-
-
-
-
-
-
-
7.91 
7.94 
7.92 
10.02 
-
-
-
-
-
-
-
-
— 
The following method is used. 
In the laboratory the dried soil was brought of water, Then the 
moisture was extracted and the EC-value of this moisture was measured. 
The EC of the moisture content in the soil is calculated as: 
_,„, .,,. EC(extract) . W(extract) 
EC(sOll) = —•—rr-r-i -
W(soil) 
where: W = quantity of moisture per 100 g dry soil (g/100 g) 
